Palladium chloride catalyses the facile reaction, at 20°C, of the Si-H bonds of l-silacyclopent-3-enes with haloalkanes (CCI4, CHCI3; CB^, CHBr3, CH2Br2, BrCH2CH2Br; CHI3, CH2I2, CH3I) or alcohols such as methanol to yield Si-X substituted (X = CI, Br, I, OCH3), 1-halo or 1-alkoxy 1-silacyclopent-3-enes. Partial (10%) isomerization of silacyclopent-3-enes to isomeric silacyclopent-2-enes is observed.
Introduction
We have been interested in silacyclopentene ring systems, from both a fundamental^ and an applied^] point of a view. l-Silacyclopent-3-enes are versatile synthetic intermediates and monomers. The properties of these silacyclopentene monomers and polymeric derivatives often depend on the substituents bonded to silicon. For example, l-silacyclopent-3-enes are useful for the preparation of 3-substituted and 3,4-disubstituted 1-silacyclopentanes Thus, 4-amino l-silacyclopentan-3-ols can be prepared in two steps from the corresponding l-silacyclopent-3-enes. Some of these possess therapeutic biological activity^] which depends upon the nature of the amino group as Likewise, mesogenic or oligo(oxyethylene) substituents bonded to silicon also affect the properties of unsaturated polycarbosilanes prepared by anionic or metathesis ring opening polymerization of the corresponding 1-substituted l-silacyclopent-3-ene^>6] monomers.
In this paper, we report a general method to prepare 1-X 1-alkyl (or 1-aryl) l-silacyclopent-3-enes (X = CI, Br, I or OCH3) based on the efficient palladium catalyzed reaction of the Si-Η bond of 1-alkyl (or 1-aryl) 1-silacyclopent-3-enes with haloalkanes or methanol. The starting material 1-methyl 1-silacyclopent-3-ene Ilia and 1-phenyl l-silacyclopent-3-ene Illb can be prepared in one step, (albeit in low yield 30%) by the reaction of commercially available methyldichlorosilane or phenyldichlorosilane with 1,3-butadiene in the presence of magnesium powder^). J. p. Beteille and al.® have prepared 1-methyl l-silacyclopent-3-ene Ilia in comparable overall yield by a two step reaction sequence. In the first step, 1-methyl 1-cyclohexoxy l-silacyclopent-3-ene is prepared by reaction of cyclohexoxymethyldichlorosilane with 1,3-butadiene and magnesium powder. This can be reduced with lithium aluminum hydride to yield 1-methyl l-silacyclopent-3-ene (Ilia). 1-Methyl 1-silacyclopent-3-ene has also been prepared by copyrolysis reactions of precursors of methylsilylene [CH3S1H] and 1,3-butadiene (see Table 1 ). While these reactions are often mechanistically interesting, they are generally difficult to carry out on a synthetic scale. Volume 18, No. 2, 1995 Palladium Chloride-Catalyzed Synthesis of 1-X-l-Alkyl (or l-Aryl)-l-Silacyclopent -3-Enes(X = CI, Br, I or OCH } ) from 1,1-Dichloro l-silacyclopent-3-ene (I) has been previous prepared by high temperature gas phase reactions -such as the direct synthesis between 1,2-dichlorobut-3-ene and Si-C alloy, or by coprolysis reactions of dichlorosilylene
[CI2S1] precursors with 1,3-butadiene. These reactions are generally difficult to carry out on a preparative scale or involve relatively expensive starting materials such as hexachlorodisilane (see Table 2 ). 
Results and discussion
We have observed that the Si-Η bond of 1-methyl l-silacyclopent-3-ene undergoes readily palladium catalyzed exchange with a haloalkane or alco- This procedure does not work with fluoroalkanes but is very efficient with alcohols. For instance, methanol reacts exothermically with Ilia to give 1-methoxy 1-methyl 1-silacyclopentenes Vila and Vila' in less of one minute:
Of these 1-halo 1-methyl l-silacyclopent-3-ene derivatives, only 1-chloro 1-methyl l-silacyclopent-3-ene IVa had been previously reported. Thus Atwellt 12^ found that methylchlorosilylene, generated by gas phase pyrolysis of 1,1,2-trichloro 1,2,2-trimethyldisilane and 1,1,2,2-tetrachloro 1,2-dimethylsilane, gave 1-chloro 1-methyl l-silacyclopent-3-ene in 82% yield.
Unfortunately, the limited availability of these disilanes, by-products of the direct synthesis of dimethyldichlorosilane, makes the synthetic route unattractive. 1-Chloro 1-methyl l-silacyclopent-3-ene has also been prepared in 50% overall yield from 1-allyl 1-methyl l-silacyclopent-3-ene has outlined below. 1-Chloro 1-phenyl l-silacyclopent-3-ene has been prepared by this latter method, albeit in very low 5% yield^: 
Conclusion
While the use of palladium dichloride in catalytic!^, 15, 16] or stoichiometric^»!®] amounts to chlorinate Si-Η bonds has been previously reported, the palladium dichloride catalyzed halogenation and alkoxylation of the Si-H bonds in the 1-silacyclopentene series by halogenoalkanes or alcohols is novel. We thus obtained 1-chloro, 1-bromo, 1-iodo, and 1-methoxy 1-alkyl (or 1-aryl) 1-silacyclopentenes.
The mild conditions used make this procedure very effective to prepare silacyclopentene derivatives containing one functional group and one alkyl (or aryl) substituent on the silicon atom.
Both the major products 1-X l-silacyclopent-3-enes and the isomeric minor products, 1-X l-silacyclopent-2-enes, have been characterized.
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Experimental section
NMR spectra were obtained on a Bruker AC 80 spectrometer. 13 C NMR spectra were run on a Bruker AC 200 with broad band proton decoupling. Ten percent solutions in CDCI3 were used to obtain NMR spectra. IR spectra were obtained on a Perkin -Elmer 1600 FT instrument of samples in KBr pellets. GC / MS spectra were obtained on an ionizing voltage of 70 eV on a Hewlett Packard 5890 mass spectrometer. A Hewlett Packard 5890 gas Chromatograph, coupled to the mass spectrometer, was used as the MS inlet.
All glassware were dried overnight in an oven at 120 °C. The apparatus was assembled and was flame -dried while being swept with argon. All reactions were conducted under purified argon.
Solvents were distilled immediately before use from sodium benzophenone ketyl.
General procedure for halogenation
The l-silacyclopent-3-ene and the haloalkane were placed in a round-bottomed flask equipped with a Teflon-covered magnetic stirring bar and an efficient reflux condenser topped with a calcium chloride tube. When the reagents were not miscible, ether (2 ml) was added. Palladium chloride was then introduced. The mixture turns black on stirring. The reaction is monitored by IR spectroscopy (disappearance of the Si-Η bond around 2100 cm~l).
A Vigreux column was then connected to the flask and the 1-halo or 1-alkoxy l-silacyclopent-3-ene was distilled under reduced pressure. 1397, 1322, 1257, 1206, 1176, 1101, 965, 945, 910, 837, 787, 732, 679, 630 cm" 1 .
- 1396, 1320, 1255,1204, 1175,1144,1099,1076, 1051, 945, 898, 833, 785, 730, 670, 631 cm" 1 .
- : 3052,3027,2925 : 3052,3027, ,1958 : 3052,3027, ,1886 : 3052,3027, ,1606 : 3052,3027, (C=Cp), 1590 : 3052,3027, (C=C Q ), 1557 : 3052,3027, ,1483 : 3052,3027, ,1429 : 3052,3027, ,1398 : 3052,3027, , 1336 : 3052,3027, ,1320 : 3052,3027, ,1304 : 3052,3027, ,1262 : 3052,3027, ,1205 : 3052,3027, ,1116 : 3052,3027, ,1100 127.25,128.30,128.44,130.61 (C. arom.) . C 10 H u BrSi. calcd: C, 50.21; H, 4.63%). IR : 3069, 3025, 2923 IR : 3069, 3025, , 1957 IR : 3069, 3025, , 1818 IR : 3069, 3025, , 1606 (C=Cp), 1589 (C=C Q ), 1483, 1428, 1397, 1334, 1304, 1262, 1204, 1174, 1111, 1099, 1076, 997, 944, 810, 738, 727, 696, 642 
